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Background: The cadherin-11 (CDH11, OB-cadherin) gene is a member of the cadherin family

and is located on chromosome 16q22.1. Previous studies have revealed that cadherins play

significant roles in the development of many human malignancies. Increasing evidence has

identified CDH11 as a functional tumour suppressor, which is commonly silenced by promoter

methylation, but the functions of this gene in colorectal cancer (CRC) have been unclear.

Methods: The CDH11 expression in primary CRC tissues and cell lines was investigated by

qRT-PCR, RT-PCR and immunohistochemistry. The promoter methylation status of CDH11

was measured by methylation-specific PCR (MSP). Cell proliferation assay, colony formation

assay, flow cytometry analysis, wound-healing assay, transwell assay and in vivo experiments

were used to investigate the function of CDH11 in CRC. The mechanisms of CDH11 also were

explored by western blots.

Results: Our study suggests that CDH11 downregulation in CRC due to its promoter methylation

and induced cell cycle arrest in G0/G1 phase and apoptosis, suppressing tumor cell proliferation,

colony formation, migration and invasion by affecting the NF-kB signaling pathway.

Conclusion: Overall, CDH11 may be considered as a functional tumour suppressor gene

(TSG) in CRC, CDH11 has the potential to serve as a valuable prognostic marker for

colorectal cancer.
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Introduction
Colon and rectum cancer (colorectal cancer, CRC) is the third most-common cancer, and

CRC accounting for 6.1% (1,800,977) of all cancer cases and 9.2% (881,000) of cancer

deaths in 2018, according to the latest global cancer statistics from the International

Agency for Research on Cancer.1 Mounting more evidence has suggested that screening

and early diagnosis is associated with a reduction in CRC. However, the relevant

methodologies are still limited, underlining the importance offinding a reliable biomarker

for an early detection of this disease.2 Six classical cadherin family genes (six cadherin

clusters) are located on 16q22.1-16q24.3 and comprise of six cell-cell adhesionmolecules

mediating intercellular adhesion by Ca2+-dependent homophilic interactions. The family

members includeCDH1(E-cadherin),CDH3(P-cadherin),CDH5(VE-cadherin),CDH8,

CDH11(OB-cadherin) and CDH13(H-cadherin).3 CDH1 and CDH13 have been identi-

fied as functional tumour suppressors, which inhibit cell proliferation and invasiveness in

most cancer cell lines and reducing tumour growth in in vivo models.4,5
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The specific mechanism of CRC tumourigensis involves

the activation of an oncogene and the inactivation of a tumour

suppressor gene. The tumour suppressor gene inactivation is

closely related to epigenetic changes.6 A previous study has

identified DNA copy number aberrations and an ~1Mb hemi-

zygous deletion at 16q21-22.1 in tumour cell lines by perform-

ing 1-Mb array comparative genomic hybridization (aCGH),

indicating that CDH11, the only known gene located at this

deletion, could be 16q21-22.1 deletion-related candidate

TSG.3 Researchers have found that CDH11 is downregulated

and frequently methylated in multiple types of tumours.7–10

However the roles of CDH11 in CRC have not been eluci-

dated. Therefore, in this study, we investigated the CDH11

expression, promoter methylation status, biological functions

and related molecular mechanisms in CRC.

Material and methods
Cells lines and tumour samples
Six human colorectal cancer cell lines (ie, LoVo, HCT116,

SW480, HT-29, CaCo-2, RKO) were used. The CRC cell

lines HT-29 and HCT116 were provided by Professor Q.Tao

at the Chinese University of Hong Kong, and the SW480,

LoVo, CaCo-2, RKO cell lines were purchased from the

Chinese Academy of Sciences. And the use of the gifted

cell lines was approved by the ethics committee of the First

Affiliated Hospital of Chongqing Medical University. The

cell lines were cultured in RPMI-1640 medium (Gibco-BRL,

Karlsruhe, Germany) with 10% fetal bovine serum (FBS)

(ExCell Bio, Shanghai, China), and maintained at a humidi-

fied atmosphere of 5% CO2 at 37 °C.
11 The CRC tissues and

their corresponding adjacent tissues were collected from

surgical patients at the First Affiliated Hospital of

Chongqing Medical University (Chongqing,China), and all

tissues were diagnosed and verified at the Pathology

Department, Chongqing Medical University (Chongqing,

China). The samples were immediately snap-frozen in liquid

nitrogen and then stored at −80 °C until analysis. The study

protocol was authorized under the guidelines of the ethics

committee of the First Affiliated Hospital of Chongqing

Medical University. This study was conducted in accordance

with the Declaration of Helsinki and all patients signed an

informed consent form.

Nucleic acid and protein extraction
Total RNA was extracted from tissues and cell lines using

TRIzol® reagent (LifeTechnologies, Carlsbad, CA, USA).

Genomic DNA was isolated from tissues and cell lines

using the QIAamp DNAMini kit (Qiagen, Hilden,

Germany), according to the manufacturer’s protocol. The

DNA and RNA were stored at −80 °C after measuring

their concentrations of them using a NanoDrop 2000 spec-

trophotometer (Thermo Scientific, Rockford, IL, USA).

The experimental and control groups of the HCT116 and

LoVo cells were lysed using a protein extraction reagent

(Thermo Scientific) that contained the protease inhibitors,

phenylmethane sulfonyl fluoride, and a phosphatase inhi-

bitor cocktail (Sigma-Aldrich, St. Louis, MO, USA), and

the lysate was then homogenized using an Ultrasonic Cell

Grinder (Scientz, Ningbo). The supernatant was collected

after centrifugation, and protein concentration of protein in

the supernatant was determined using the BCA protein kit

(Thermo Scientific).12

Semiquantitative polymerase chain

reaction (PCR) and quantitative RT-PCR

(qRT-PCR)
Semiquantitative PCR and quantitative PCR were used to

determine expression of CDH11 in CRC cells and tissues.

The RNA (1 μg) was reverse transcribed to 20 μg of cDNA

using the Reverse Transcription system (Promega, Madison,

WI, USA). For semiquantitative PCR, the CDH11 gene was

amplified using GoTaq DNA polymerase (Promega). The

protocol included an initial denaturation at 95 °C for 2 min,

followed by 34 amplification reaction cycles (95 °C for 30 s,

55 °C for 30 s and 72 °C for 30 s), with afinal extension at 72 °

C for 3 min, and used glyceraldehyde-3-phosphate dehydro-

genase (GAPDH) as an internal control. The primer

sequences are listed in Table 1. Quantitative PCR was per-

formed with an ABI 7500 Real-Time PCR system (Applied

Biosystems, Foster City, CA, USA), using SYBR® Green

PCR Master Mix (Thermo Fisher Scientific, Hong Kong,

China) with GAPDH as a control.11 Each sample was tested

in triplicate.

Bisulfite treatment and methylation-

specific PCR (MSP) analyses of CDH11
Bisulfite modification of DNA and methylation-specific PCR

(MSP) were carried out in accordance with previously

described methods.13 The primers used for MSP are listed in

Table 1. MSP for the CDH11 promoter was performed using

AmpliTaq®-Gold DNA Polymerase (Applied Biosystems)

mixed with bisulfite-treated DNA, MgCl2 and deoxynucleo-

tide triphosphates for the MSP amplification reaction. The
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reaction conditions were as follows: initial denaturation for

10 min at 95 °C, then 40 cycles consisting of 95 °C for 30 s,

60 °C (methylated reactions) or 58 °C (unmethylated reac-

tions) for 30 s, 72 °C for 30 s, and a final extension for 5min at

72 °C. The final products were identified on a 2% agarose gel

containing 100 bp DNA markers (MBI Fermentas Vilnius,

Lithuania), and then recorded using a Molecular Imager

(Bio-Rad, Hercules, CA, USA).11,12

5-Aza-2ʹ-deoxycytidine (Aza) and

trichostatin a (TSA) treatment
As previously reported,12,14 the cells were treated with a

DNA methyltransferase (DNMT) inhibitor,5-Aza-2ʹ-deox-

ycytidine (Aza) (Sigma-Aldrich, Steinheim, Germany), in

the dark at a final concentration of 10 mmol/l for 3 days,

and further treated with 100 nmol/l trichostatin A(TSA)

(Cayman Chemical, Ann Arbor, MI, USA), a histone

deacetylase inhibitor, for another 1 day. Other groups had

cells treated only with Aza (Sigma-Aldrich) in the dark at

a final concentration of 10 mmol/l for 3 days or TSA at a

final concentration of 100 nmol/l for 1 day. Cells were

then collected for RNA and DNA extraction.

Construction of CDH11-overexpressing

LoVo and HCT116 cell lines
CRC cell lines were transfected with pcDNA3.1-CDH11or

pcDNA3.1 (+) vectors using Lipofectamine® 2000

(Invitrogen; Thermo Fisher Scientific, Inc.) in serum-free

RPMI-1640 medium; 4–6 h later, the medium was replaced

with fresh growth medium containing 10% FBS for 48 h.

Then, CRC LoVo and HCT116 cells were selected in the

medium containing 10% FBS with G418 (Invitrogen/Gibco)

at a final concentration of 5 μl/ml or 3 μl/ml approximately

20 days later. RT-PCR and western blot analyses were

confirmed stable overexpression of CDH11. CDH11-expres-

singplasmid was provided by Professor Qian Tao at the

Chinese University of Hong Kong.

Cell proliferation assay
Cell proliferation was assessed by CCK-8 assay. LoVo and

HCT116 cells stably expressing CDH11 or pcDNA 3.1 were

seeded in 96-well plates (2x103 cells/well) with 100 μl/ml of

complete culture medium. Then, the medium in each well

was replaced with 100 μl RPMI-1640 (10% FBS) containing

10 μl CCK-8 solution and incubated at 37 °C for 2 h in the

dark. The absorbance was measured at 450 nm using a

microplate reader (Multiskan MK3; ThermoFisher

Scientific, former Fermentas, Schwerte, Germany) at 24, 48

and 72 h. All experiments were repeated three times.

Colony formation assay
Stably expressing cells were planted in 6-well plates at

1×103 cells/well and cultured for 14 days, then fixed in 4%

paraformaldehyde for 30 min, and stained with Gentian

Violet (ICM Pharma, Singapore, Singapore) for 30 min.

Finally, the cells were scanned using a CanoScan8800F

(Canon, Tokyo, Japan). Surviving colonies (>50 cells/col-

ony) were counted using the ImageJ (V.1.8.0) software

(National Institutes of Health, Bethesda, MD, USA) for

the analysis. All experiments were assessed in triplicate.

Flow cytometry analysis of cell cycle and

apoptosis
Stable HCT116 and LoVo cells were collected, digested,

rinsed with phosphate-buffered saline (PBS) and centrifuged

at 800 rpm for 5 min, then fixed with ice-cold 70% ethanol at

4 °C overnight. Then the cells were stained with 50 mg/l

propidium iodide (PI) (Beyotime) for 30 min at 4 °C in the

Table 1 The primers used in this study

PCR Primer Sequences (5ʹ-3ʹ) Product size (bp) Annealing temperature(ºC) Cycles

RT-PCR CDH11F tggcagcaagtatccaatgg 200bp 55 33

CDH11R tttggttacgtggtaggcac

MSP CDH11m3 ttatttttgttattagcgcgttc 123bp 60 40

CDH11m4 ccattcacaaatcaacgacg

CDH11u3 tttttatttttgttattagtgtgttt 128bp 58 40

CDH11u4 tcccattcacaaatcaacaaca

Abbreviations: PCR, semiquantitative polymerase chain reaction; qRT-PCR, quantitative polymerase chain reaction; MSP, methylation-specific PCR.
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dark. For the cell apoptosis measurements, cells were washed,

collected, resuspended in PBS, stained with Annexin V-FITC

(BD Pharmingen, San, Jose, CA, USA) and PI in the dark for

15min, and analysed using a flow cytometer (BDBiosciences,

Franklin Lakes, NJ, USA). Data were analysed using the Cell

Quest software (BD Biosciences, San Jose, CA, USA).

Wound-healing assays
Stably expressing cells were planted in six-well plates until

95% confluent. Asterile P-20 pipette tip was used to scratch

wounds across each well. Cells were then washed three times

with 1 ml/well PBS to carefully remove cell debris and

cultured in serum-free media. The cell-free wound area was

photographed at 0, 24, 48 and 72 in LoVo culture, and the

images of the wound closure areas of HCT116 cells were

observed at 0, 24, 48 and 60 h using a light microscope

(CTR4000; Leica, Germany) at 100× magnification.

Transwell assays
Transwell chambers (8 μm pore size; Corning, New York,

NY, USA) with or without a Matrigel (BD Biosciences)

barrier added to the top chamber were used to detect the

migratory and invasive abilities of CRC cells.15 HCT116

and LoVo cells stably expressing CDH11 or pcDNA 3.1

were collected, washed twice in serum-free medium,

then2×104 cells suspended in 100 μl were added into the

upper transwell chamber, and 800 μl of medium with 10%

FBS was added to the lower chamber. After incubation at

37 °C and 5% CO2 for 48 h, cells at the lower side of the

inserts were fixed in 4% paraformaldehyde for 30 min and

stained with crystal violet (DC079; Genview, Beijing,

China) for 20 min at room temperature. Non-migratory

cells on the upper side of the chamber were wiped off

with a cotton bud. Cells from 5 random fields were

counted under a microscope at 400× magnification

(CTR4000; Leica, Wetzlar, Germany).

Western blot analysis
A total of 40 mg of protein lysate was subjected to western

blotting as previously described.16 The primary antibodies

used were as follows: CDH11 (1:1,000, ab151302; Abcam,

Cambridge, UK), cleaved-caspase 3 (1:500, WL03089;

Wanleibio, Shenyang, China), cleaved-caspase 9 (1:500,

WL01838; Wanleibio, Shenyang, China), cleaved-PARP

(1:1,000, 7851; Cell Signaling Technology), BAX (5023;

Cell Signaling Technology), NF-κB (ab16502; Abcam,

Cambridge, UK), phospho-NF-κB (3031s; Cell Signaling

Technology), Bcl-2 (2872T; Cell Signaling Technology),

Bcl-XL (2762S; Cell Signaling Technology), and β-actin

(LK-ab008-100; Liankebio, China) was used as control.

Anti-mouse IgG (7076, 1:3,000 Cell Signaling Technology)

and anti-rabbit IgG (7074, 1:2,000 Cell Signaling

Technology) horseradish peroxidase conjugate secondary

antibodies were used. Protein blots were analysed using an

enhanced chemiluminescence detection kit (ECL;

Amersham Pharmacia Biotech, Piscataway, NJ, USA), and

the membranes were visualized with a Las-4,000 Imaging

System (Medical Systems, Fujifilm Global, Tokyo, Japan).

In vivo tumourigenicity
HCT116 cells stably expressing CDH11 or pcDNA 3.1

was (5×106 cells in 0.15 ml serum-free medium) were

injected subcutaneously into six4-week-old nude mice

(purchased from the Experimental Animal Center of

Chongqing Medical University, China). The length and

width were measured every 3 days using a microcaliper,

and the tumour volume (mm3) was calculated using the

following equation: volume =0.5× length × width2 When

the tumour length reached 1.5 cm, the tumours were

removed, and mice were euthanatized. All removed

tumor were weighed immediately before fixing in 4%

paraformaldehyde, dehydrated and embedded in paraffin

for hematoxylin/eosin (HE) staining and immunohisto-

chemistry. And Instructive notions with respect to car-

ing for laboratory animals (which is released by the

Ministry of Science and Technology of the People’s

Republic of China in September 30th, 2006.) were fol-

lowed for the welfare of the animals. The animal experi-

ments were authorized by the Animal Ethics Committee of

the Experimental Animal Center of the Chongqing

Medical University, Chongqing, China.

Immunohistochemical staining
The tumour tissues from nude mice, CRC and the corre-

sponding adjacent human tissues were fixed in 4% parafor-

maldehyde, dehydrated and embedded in paraffin. The tissue

samples were sectioned into 4 μm slices, and dewaxed in a

60 °Cincubatorfor 2 h. Then, the sections were rinsedin

xylene I (10 min), xylene II (10 min), xylene III (10 min),

xylene IV (10 min) in sequence, and rehydrated through

graded alcohol in the following order: absolute ethyl alcohol

(7 min), 95%, 80%, and 70% (ethyl alcohol (5 min each)).

After that, slides were boiled in citrate buffer solution for 20–

25 min for antigen retrieval followed by cooling at room

temperature (approximately 2–3 h), then washed three times

with PBS (5min each). The slides were then incubated in 3%
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hydrogen peroxide for 10 min to neutralize endogenous

peroxidase activity, and washed three times with PBS, and

then blocked with 5% FBS–PBS solution at room tempera-

ture for 15 min without washing. Then, the slides were

incubated with the primary antibody at 4 °C overnight. The

next day, the slides were warmed to room temperature for

1 h, then washed three times with PBS (5 min each) and

incubated with a secondary antibody for 30 min at 37 °C.

Then the slices were washed three times with PBS (5 min

each) and incubated with horseradish peroxidase-labeled

streptomycin anti-biotin antibody for 30 min at 37 °C.The

slides were washed three times, followed by colour develop-

ment with DAB (30 s).The slides were washed with water,

and the cell nuclei were dyed using hematoxylin (5 s). The

slides were washed with water (15–30 min), followed by

observation using light microscopy. Images were observed

under a microscope at 400× light magnification.12

Statistical analysis
SPSS 19.0 statistical software (SPSS Inc. Chicago, IL,

USA) was performed for statistical analyses. Data were

analyzed with a Student’s t-test (independent-samples t-

test) and the chi-square (also termed ×2) test as appro-

priate. Differences were considered statistically signifi-

cant with a value of p<0.05.

Results
CDH11 expression is downregulated in

CRC cell lines and tissues
The expression levels of CDH11 in HCT116, HT-29,

LoVo, SW480, CaCo-2 and RKO colorectal tumour

cell lines and normal colorectal tissues were determined

using RT-PCR. CDH11 expression was distinctly sup-

pressed in 5 of the 6 CRC cell lines, and CDH11 was

significantly expressed in the CaCo-2 cell line (Figure

1A). The results also showed strongly expression of

CDH11 in the 4 normal colorectal tissues (Figure 1A).

In addition, the messenger RNA (mRNA) expression of

CDH11 in 16 pairs of CRC and para-carcinoma tissues

was measured by quantitative RT-PCR (qRT-PCR).

Obviously, the expression of CDH11 was downregulated

in tumour tissues compared with the corresponding adja-

cent tissue (p<0.05) (Figure 1D). CDH11 was located

predominantly in the cell membrane. Furthermore, pro-

tein expression of CDH11 was examined in 21 paired

CRC tissues and appropriate surgical-margin tissues

(adjacent tissues) by immunohistochemistry (IHC). We

observed that the CDH11 expression level was higher in

appropriate surgical-margin tissues than in carcinoma

tissues in 15 of the 21 paired samples (Figure 1F).

The CDH11 expression levels and the clinicopathologi-

cal characteristics of CRC patients are shown in Table 2.

The CDH11 expression in CRC was

downregulated due to promoter

methylation and restored by its

demethylation
Previous analysis showed that CDH11contains a typical

CpG island, and suggested that CDH11 was a likely

subject of methylation-mediated silencing.3 To identify

whether CDH11 silencing or downreglation in CRC

was due to promoter methylation, CRC cell lines

LoVo and HCT-116 were treated with TSA, Aza and

their combination, and then RT-PCR and MSP were

performed. The results showed that its expression was

restored together with increasing unmethylated alleles

of the CDH11 promoter (Figure 1B). Furthermore, we

analysed the methylation statues of CDH11 by MSP in

64CRC tissues. The results of MSP showed that

CDH11 was methylated in 75.00% (48/64) of CRC

tissues (Figure 1C), and revealed that the CDH11

methylation level was specifically high in the bulk of

the CRC tissues.

Overexpression of CDH11 suppresses

CRC cell proliferation and colony

formation
The CCK-8 and the colony formation assays were used to

determine the viability-inhibiting effect of stably expres-

sing CDH11 in HCT116 and LoVo CRC cell lines.

Overexpression of CDH11 in HCT116 and LoVo cell

lines was ascertained by RT-PCR and western blotting

(Figure 2A and B).CCK-8 assay showed that overexpres-

sion of CDH11 in HCT116 and LoVo cell lines resulted in

a significant decrease in cell proliferation at 24, 48 and

72 h compared with the controls (p<0.05) (Figure 2C).

Furthermore, the colony formation assay showed that cell

transfection with CDH11 resulted in markedly fewer and

smaller colonies, and the colony numbers were reduced by

50–55% compared with transfection with the empty vector

in HCT116 and LoVo cells (p<0.001) (Figure 2D and F).

These results indicated that CDH11 inhibited growth and

viability in colorectal cancer.
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CDH11 induces cell cycle arrest in the

G0/G1 phase and apoptosis in CRC cell

lines
To determine how CDH11 affects cell proliferation in CRC,

the cell cycle and apoptosis analysis were performed by flow

cytometry. The result shows a significantly increased number

ofCDH11-expressing cells accumulating in the G0/G1 phase

of the cell cycle compared with the control cells (p<0.01,

p<0.001) (Figure 3A), indicating that the inhibition of cell

proliferation by CDH11 was likely mediated by a cell cycle

delay at theG0/G1 phase. Subsequently, the rate of apoptosis

was detected using Annexin V-FITC/PI staining assay. The

flow cytometry results confirmed that the number of Annexin

V-PI-positive cells markedly increased in CDH11-trans-

fected cells compared with controls (p<0.001 and p<0.05)

(Figure 3B). Overall, these results suggested that the inhibi-

tion of cell proliferation by CDH11 is due to its mediation of

the cell cycle arrest at the G0/G1 phase and induction of

apoptosis.

CDH11 inhibits cell migration and

invasion in colorectal tumour cells
Wound-healing and transwell assays were performed to

further investigate the effects of CDH11 on cell migration
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and invasion in CRC. The results of wound-healing assay

showed that, compared with the vector-transfected cells,

CDH11 stablye-expressing cells migrated along the wound

borderline significantly slower, as observed for cells at

LoVo 0 h, 24 h, 48 h and 72 h (p<0.001) and HCT116

cells at 0 h, 24 h,48 h and 60 h (p<0.05) (Figure 4A and

B). The transwell assay both with and without a Matrigel

barrier further illustrated that the numbers of migratedor

invaded CDH11-overexpressing in LoVo and HCT116

cells were significantly reduced compared with control

groups(p<0.001) (Figure 4C and D). These results deter-

mined that CDH11 inhibits cell migration and invasion in

colorectal tumour cells.

CDH11 suppresses the growth of tumuor

xenografts in nude mice
To further identify if CDH11 inhibits the CRC growth, in

vivo tumourigenicity test were carried out. Stably-trans-

fected and vector-transfected HCT116 were injected to

form tumours in nude mice (Figure 5A). Tumours were

removed from nude mice 19 days after injection (Figure

5B), the measurement results showed that the mean sizes

and weights of tumours formed CDH11 stable cells were

markedly lower compared with the control groups

(p<0.001, p<0.05) (Figure 5C and D). Hematosylin &

eosin (H&E) staining and immunohistochemistry (IHC)
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were performed to analyse the tumour features and expres-

sion of CDH11 protein and proliferation-associated protein

Ki-67 (Figure 5E). Ki-67 expression was significantly

downregulatied in tumours overexpressing

CDH11compared with control. These data confirmed that

CDH11acts as a TSG in CRC tumourigenesis in vivo.

CDH11 antagonized the NF-kB signaling

pathways
A previous study has shown that CDH11 functions as a

pro-apoptotic tumour suppressor by antagonizing the Wnt/

β-catenin and AKT/Rho A signaling pathway.3 Several

reports have suggested that NF-kB signaling is frequently

affected in CRC.17–20 And Bcl-2 and Bcl-XL are down-

stream target genes of the NF-kB pathway. Here, we

investigated whether CDH11 functions as a tumour sup-

pressor through the NF-kB signaling pathway. Our results

showed that phospho-NF-kB were markedly downregu-

lated by overexpressing CDH11. Furthermore, overexpres-

sion CDH11 resulted in an obvious reduction of Bcl-2 and

Bcl-XL. All of those indicated that CDH11 suppressed the

CRC carcinogenic process by inactiving NF-kB signaling

pathway (Figure 6).

Discussion
Cadherin-11 expression has been studied in many solid

tumors. But CDH11 in CRC has not been still well

elucidated. Increasing evidence has revealed that

CDH11 plays a momentous role in the development of

a broad series of human malignancies, and identified

CDH11 as a functional tumour suppressor which is

commonly silenced by promoter methylation.3 Previous

studies have shown that CDH11 inhibits invasion and

proliferation in head and neck cancer,21 osteosarcoma,-
8,22 glioma,23 melanoma24 and bladder cancer.25 The

correlation between the function of CDH11 and related

mechanisms in colorectal cancer remained unclear. In

this study, we discovered that CDH11 was expressed in

normal colon tissues, but frequently silenced or down-

regulated in CRC cell lines. These above results sug-

gested that the expression of CDH11 is downregulated

in CRC.
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It is known that promoter methylation is a primary

mechanism involved in gene changes such as gene absent

or gene downregulation, which has been found in multiple

human tumours. The results of this study suggested that

the expression of CDH11 in CRC is epigenetically inacti-

vated by promoter-specific methylation in CRC. The

results of MSP revealed that the CDH11 methylation

level was specifically high in the bulk of the CRC tissues.

And the demethylation treatment A + T assay showed that

its expression was restored together with increasing

unmethylated alleles of the CDH11 promoter.

Previous studies reported that CDH11 inhibited tumour

cell clonogenicity and induced apoptosis.3 We investigated

the biological functions of CDH11 by both in vivo and in

vitro assays. The results of the present study ascertain that

overexpression of CDH11 induces cell cycle arrest in the

G0/G1 phase and apoptosis and suppresses CRC cell pro-

liferation and colony formation in both HCT116 and LoVo

CRC cell lines. In addition, it has been reported that

ectopic-expression of CDH11 inhibits invasion in head

and neck cancer.21 Consistent with these previous reports,

we found that ectopic-expression of CDH11 inhibited

migration and invasion in colorectal tumour cells.

Subsequently, an in vivo tumourigenicity test in nude

mice was carried out to confirm the inhibitory effect of

CDH11 on CRC growth. In short, all these results together

strongly suggest that CDH11 functions as a tumour sup-

pressor in CRC cells.

Previous study found that CDH11 functions as a TSG

through antagonizing Wnt/β-catenin and AKT/Rho A

signaling.3 And some early studies showed that the re-

expression of CDH1, one member of cadherin superfam-

ily, may depend on NF-kB activation, and NF-kB promotes

migration and invasion by re-expression of CDH1 in cho-

langiocarcinoma cells.26 Whether CDH11, the member of

cadherin superfamily, performs by a similar mechanism

that acts on the NF-kB pathway in CRC remains unclear.

In this study, we investigated whether CDH11 functions as

a tumor suppressor in CRC through the NF-kB signaling

pathway.

Nuclear factor kappa B (NF-kB), as a pleotropic tran-

scription factor, regulates expression of a number of genes

that promote multiple cancer cells growth, survival and

neoplastic transformation.27–30 In this signaling pathway,

transcriptionally competent NF-kB is a heterodimer com-

posed of p65 (NF-kB) and p50 subunits,31,32 and this

heterodimer is insulated in the cytoplasm by p65(NF-kB)

bound IkBα27,33 in unstimulated cells. Phospho-NF-kB is a

key component in the NF-kB pathway, where it suppresses

cell survival and growth, and Bcl-2 and Bcl-XL are down-

stream target genes of the NF-kB pathway.34,35 Our results

showed that when compared to the empty vector group,

the expression levels of phospho-NF-kB were markedly

downregulated in the CDH11 group, and CDH11 resulted

in an obvious reduction of Bcl-2 and Bcl-XL, indicating

that CDH11 may affect the CRC carcinogenic process by

inactiving NF-kB signaling pathway. Further rescue t trials

are needed to identify the role of NF-kB signaling pathway

in the CDH11 acting mechanism.

However, the target genes of CDH11 were not identi-

fied in this study, which may therefore assist in identifying

its role in the progression of CRC. And the number of

LoVo HCT116
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Figure 6 Overexpression of CDH11 antagonized NF-kB signaling pathway. Western blot was performed using antibodies against NF-kB, phospho-NF-kB and its

downstream targets Bcl-2 and Bcl-XL; β-actin was used as a control.
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clinical samples of CRC used in this study was insuffi-

cient, so we could not determine the possible relationship

between CDH11 methylation and the pathological features

and survival prognoses of CRC. Further studies of more

clinical samples are warranted to explore the mechanism

of CDH11 and to confirm that CDH11 is a prognostic

marker for CRC.

Conclusion
In summary, our study suggests that CDH11 downregula-

tion in CRC results from promoter methylation. And

CDH11 induces cell cycle arrest in the G0/G1 phase and

apoptosis to suppressing CRC cell proliferation and colony

formation, thus suppressing tumour cell proliferation,

migration and invasion, probably by affecting the NF-kB

signaling pathway. Overall, CDH11 may be considered as

a functional TSG in CRC, and has the potential to serve as

a valuable prognostic marker for colorectal cancer.

Abbreviation list
CDH11, cadherin-11; CRC, colorectal cancer; qRT-PCR,

quantitative RT-PCR; MSP, methylation-specific PCR;

TSG, tumor suppressor gene; aCGH, array comparative

genomic hybridization; mRNA, messenger RNA; IHC,

Immunohistochemistry; H&E, Hematosylin & eosin;

NFkB, Nuclear factor kappa B; GAPDH, glyceraldehyde-3-

phosphate dehydrogenase; DNMT, DNA methyltransferase;

Aza, 5-Aza-2ʹ-deoxycytidine; TSA, trichostatin A; PBS,

phosphate-buffered saline; PI, propidium iodide; WB,

Western blot.
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